Candida albicans and non-C. albicans Candida species are increasingly being isolated from patients in highrisk categories, most notably, those who have undergone stem cell transplantation (SCT). Identification of the presence of non-C. albicans Candida species early in the course of the transplant procedure is important, as these species exhibit different sensitivities to the available antifungal treatments and cause mortality at rates that vary from those for C. albicans. Amplified fragment length polymorphism (AFLP) analysis has been shown to be a reliable method of reproducibly identifying medically important Candida species. We investigated the use of serial AFLP analysis of 54 routine surveillance cultures for the identification and epidemiological examination of Candida sp. colonization in five consecutive children undergoing allogeneic SCT. One child became colonized with a C. albicans strain and remained colonized with this strain during the whole admission period. Another child had persistent colonization with a C. albicans strain with striking variations in its AFLP patterns over time, which was considered indicative of microevolution. Candida dubliniensis, Candida lusitaniae, and Saccharomyces cerevisiae were identified in the three remaining patients, with two children being simultaneously and transiently colonized with different species. These findings show that colonization with yeasts during transplantation is a complex and dynamic interaction between the host and the organism(s). In our study three strains from eight separate time points were incorrectly identified as C. albicans by a rapid enzyme test. AFLP analysis of surveillance cultures allowed more accurate and informative epidemiological evaluations of pathogenic yeasts in children during transplantation.
In patients undergoing allogeneic stem cell transplantation (SCT), fungal infections are an increasing cause of morbidity and are associated with a high mortality rate (16) . Although Candida albicans is the most important cause of superficial candidosis and colonization of the gastrointestinal (GI) tract, at least 12 other members of the genus are recognized as human pathogens (13, 23) . Infection tends to be derived from an individual's own endogenous flora, with the GI tract acting as a reservoir of infection (8) . Patients with impaired humoral and cell-mediated immunity, especially those undergoing SCT, are at risk of dissemination (26) . Among pediatric recipients of bone marrow transplants, dissemination is rarely documented in those receiving prophylactic oral antimycotic agents, even though colonization is common (9) . The introduction of prophylactic oral fluconazole has led to clear reductions in the rates of both colonization and invasive infections with C. albicans (20, 26) . However, in the last decade between 40 and 70% of cases of candidemia in adult patients with hematological malignancies and bone marrow transplant recipients have been reportedly caused by non-C. albicans Candida species (NACs) (13, 38) . Similarly, in some pediatric oncology units, NACs are now the most common cause of candidemia, even in azolenaïve patients (19) .
The levels of virulence and the consequent rates of mortality, as well as the sensitivities to the available antimycotic agents, vary among the different species. The four most commonly isolated species are Candida parapsilosis (20 to 40% of all reported episodes of candidemia), Candida tropicalis (10 to 30%), Candida krusei (10 to 35%), and Candida glabrata (5 to 40%). However, other NACs have emerged, such as Candida lusitaniae, which has been documented in up to 8% of all cases (13) . The occurrence of these species is associated with inherent or acquired resistance to fluconazole in up to 75% of all C. krusei infections (38) and 35% of all C. glabrata infections. Conversely, at present C. lusitaniae remains highly susceptible to azole antifungal agents (13, 24) . Candida dubliniensis has emerged as an opportunistic pathogen closely related to C. albicans and shares many diagnostic characteristics with C. albicans but differs from C. albicans with respect to its epidemiology, virulence, and the ability to develop fluconazole resistance (7, 33) . The inherent variability in the response to treatment and the associated mortality rates, which can exceed those of C. albicans infections, demand correct and timely identification. This calls for appropriate or species-directed treatment strategies for at-risk patients.
Molecular techniques, based on the demonstration of variations in the conserved DNA sequences in yeast genomes, have led to identification methods based entirely on the detection of naturally occurring DNA polymorphisms (6, 17, 27, 32, 35) . These techniques have been applied in a limited manner to studies of Candida colonization in immunocompromised chil-dren (5, 34) . Amplified fragment length polymorphism (AFLP) analysis is a relatively new technique (1, 12, 36, 39) . It is suitable for identification as well as strain typing. This technique has proved to be robust and reproducible and is an almost ideal high-resolution genotyping method suitable for clinical use. As first described by Zabeau and Vos (39) , AFLP analysis belongs to the category of selective restriction amplification techniques that are based on the ligation of adapters to genomic restriction factors with PCR amplification of the adapter-specific primers. The restriction fragments analyzed are small enough for mutations of 1 bp to be detected (12) . The use of fluorescent instead of radionucleotide labeling of primers means that a computer-based automated sequence analyzer can read the polyacrylamide gel electrophoretic patterns (29) .
In the present study, fluorescent AFLP analysis was used to study the variations in medically important Candida species isolated from serial routine surveillance cultures of samples from children undergoing SCT and to assess the potential for a role of AFLP analysis in determining therapeutic interventions in these high-risk patients.
MATERIALS AND METHODS
Patients. Five consecutive, nonselected children entered into the Leiden University Medical Center transplant program (all boys; age range, 3 to 15 years) were included in the study. The patient characteristics are summarized in Table  1 . Children received standard myeloablative conditioning regimens. All but one child (patient 505) received in vitro T-cell modulation with antithymocyte globulin (Imtex; Sangstat) as additional immune suppression. Prophylaxis for graftversus-host disease (GvHD) (cyclosporine and methotrexate) was administered for the duration of the study to all children except the child undergoing syngeneic transplantation.
All patients were nursed in positive-pressure isolation rooms and received sterile food and beverages. All patients received total gut decontamination with oral nonabsorbable antimicrobials (piperacillin and tazobactam) and antifungals (amphotericin B suspension) in order to reduce the risk of disseminated infections (37) . Three children additionally received oral fluconazole (3 mg/kg of body weight/day) at 2 to 3 weeks postadmission due to overgrowth of Candida in the GI tract, as determined by fecal cultures, which contained Ͼ10 4 colonies. Swab specimens of the nose, throat, rectum (feces), perineum, and preputium for surveillance cultures were collected on admission to the transplant unit and twice weekly thereafter until discharge. All isolates of Candida were analyzed further by standardized AFLP procedures. The clinical isolates were assigned a random number and later batch analyzed with the investigator blinded to the identity of the patient and the source of the isolate, both in location and in time.
Isolation and phenotypic identification of yeasts. Swabs from the throat, preputium, and perineum were streaked onto Sabouraud dextrose agar medium (containing penicillin at 20 U/ml and streptomycin at 40 mg/liter) and 2% malt extract agar. One gram of fecal sample was dissolved in 10 ml of 0.9% phosphatebuffered saline and further diluted to a 1:10 suspension, from which 10 l was taken with a calibrated loop to inoculate Sabouraud agar and malt extract agar. Following incubation for 2 days at 35°C, the cultures were macroscopically inspected for the growth of different colony types. When the growth of different colony types was detected, all suspected colonies were investigated separately. A wet preparation and a rapid enzyme test (Murex Diagnostics, Norcross, Ga.) (4) with positive (C. albicans) and negative (C. glabrata) controls were used to identify C. albicans. The API 32C kit was used for further subtyping and confirmation of the identities of the NACs.
Extraction of DNA. DNA was extracted from approximately 10 7 CFU by using a DNeasy tissue kit (Qiagen, Crawley, England) according to the manufacturer's instructions (protocol for isolation of genomic DNA from yeasts). DNA was eluted in 100 l of the elution buffer provided with the kit and stored at Ϫ20°C.
AFLP analysis. (i) Restriction and ligation of adapters.
The sequences of the adapters and preselective primers used for AFLP analysis were as described previously (1) . After DNA extraction, 5.5 l of the sample was added to 5.5 l of restriction ligation mixture (1ϫ T4 DNA ligase buffer, 0.05 M NaCl, 0.5 g of bovine serum albumin, 10 pmol of the EcoRI adapter, 20 pmol of the MseI adapter, 30 U of T4 DNA ligase, 10 U of EcoRI, 2 U of MseI) and incubated overnight at 37°C. All enzymes were obtained from New England BioLabs (Beverly, Mass.). The mixture was diluted by adding 25 l of sterile doubledistilled water.
(ii) Preselective and selective PCRs. Preselective PCR was undertaken with the primers without extensions (core sequences). The AFLP primers, core mixture, and internal size standard were supplied by Applied Biosystems (Nieuwerkerk aan de IJssel, The Netherlands). Four microliters of the diluted restriction ligation product was added to 15 l of the AFLP amplification core mixture, 0.5 l of the EcoRI core sequence, and 0.5 l of the MseI core sequence. The resulting mixture underwent amplification with the GeneAmp PCR system 9700 with the following standardized conditions: 2 min at 72°C, followed by 20 cycles of 20 s at 94°C, 30 s at 56°C, and 2 min at 72°C. The PCR product was then diluted by the addition of 25 l of sterile double-distilled water. A second PCR with the more selective primers (6-carboxyfluorescein labeled) EcoRI-AC and MseI-C was subsequently undertaken. The conditions were 2 min at 94°C, followed by 10 cycles consisting of 20 s at 94°C and 30 s at 66°C (with this temperature decreasing 1°C with each successive cycle) and a final extension of 2 min at 72°C. Following this sequence of cycles were 25 cycles consisting of 20 s at 94°C, 30 s at 56°C, and 2 min at 72°C, with a final incubation of 30 min at 60°C.
(iii) Capillary electrophoresis and data analysis. The samples were prepared for capillary electrophoresis by the addition of 2 l of the selective PCR product to 24 l of deionized formamide and 1 l of GeneScan 500 (labeled with 6-carboxy-X-rhodamine), which functioned as an internal size standard. Following 30-min runs on an ABI 310 genetic analyzer, the data obtained were interpreted by use of the BioNumerics software package (version 2.5; Applied Maths, Kortrijk, Belgium), with the Pearson correlation used as a similarity coefficient in combination with the unweighted pair-group methodology with arithmetic mean cluster analysis. The statistical reliability of the clusters was investigated by the use of cophenetic values, which calculate the correlation between the calculated and the dendrogram-derived similarities.
Sequencing. For some samples the D1/D2 (large subunit) part of ribosomal DNA as well as the internal transcribed spacers, including the 5.8S rRNA gene, were sequenced. Standard sequencing protocols were followed by using the DYEnamic ET Terminator Cycle Sequencing kit (Amersham Biosciences) in combination with the ABI PRISM 3700 DNA analyzer (Applied Biosystems). The sequences obtained were then analyzed by using the Seqman program (version 3.61) of the Lasergene software package (DNAstar Inc.) and checked for identity by comparing them with the sequences in the National Center for Biotechnology Information database by use of the BLAST program as well as by use of the Yeasts of the World CD-ROM (ETI-Biodiversity Center, Amsterdam, The Netherlands).
RESULTS
After completion of the study, we found the isolates obtained from the preputial, vulval, and nose swab samples to be of limited additional benefit. Few isolates yielded Candida, and when Candida isolates were found, the results for the rectal (fecal) swab samples were identical to those for the preputial and vulval swab samples. No nasal Candida isolates were obtained. As such, a total of 54 clinical isolates of Candida obtained from the throat, rectal (fecal), and perineal sampling sites form the basis of this study. A dendrogram of all clinical isolates together with the reference strains is depicted in Fig. 1 . The AFLP patterns show that each specific species forms a distinct pattern. Known cophenetic values, as described previously (1), allowed genotypic species identification over the time course of the individual patient's transplant.
Although systemic dissemination of yeasts did not occur during the administration of total gut decontamination medi- Patients are coded by color blocks, as follows: patient 449, green; patient 501, yellow; patient 502, blue; patient 503, pink; and patient 505, red. The AFLP dendrogram clearly shows the clustering of bands for each species and strain that can be identified as specific for individual patients (in boldface) and identified by matching to a reference strain (ref. sample). The isolates from no two patients had identical patterns, clearly illustrating that nosocomial spread was not evident in the study population. DNA variations were seen within individual patient isolates, although the sequences of these isolates were mostly 90 to 95% similar to that of the original isolate, which is indicative of homology. ‫,ء‬ one of the minimal additional bands associated with a fluconazole-resistant C. albicans isolate (patient 501); ‫,ءء‬ DNA variation, with the sequence of the isolate being Ͻ90% similar to that of the original C. albicans isolate from this patient (patient 505), suggestive of microevolution unrelated to the administration of antimicrobials. (Fig. 1) . Sequence analysis of the D1/D2 domain of the 26S ribosomal DNAs of a selection of the yeast strains confirmed the data obtained by AFLP analysis. In this study, because of the positive Murex reaction, C. lusitaniae and C. dublienisis isolates were initially not investigated with the API 32C system. However, when the results of AFLP analysis became available, strains of both species were investigated with and correctly identified by the API 32C system. On admission, two patients (patients 501 and 505) were colonized with C. albicans and one patient (patient 503) was colonized with C. dubliniensis. Throat, fecal, and perineal swab samples from all three patients were positive, and colonization with these strains was maintained in all three patients throughout the study period. The two remaining patients (patients 499 and 502) became colonized with C. albicans shortly after admission, but the colonization was unrelated to the start of gut decontamination or systemic antibiotic administration. In addition, one of these children (patient 502) developed perineal colonization with C. lusitaniae. The transient presence of various additional yeasts species was documented simultaneously with the presence of C. albicans in two of the five children: in patient 502, C. lusitaniae was found at two locations in two episodes, and in patient 501, S. cerevisiae was found at one location in one episode. These episodes were of short duration, however, i.e., 2 and 3 weeks, respectively.
The Candida isolates were genotypically identifiable by AFLP analysis. They were distinct and specific to the individual patient, with the isolates from no two patients having exactly the same DNA fingerprint. For three patients, variations within the DNA fingerprint of the same Candida isolate were observed over the study period. The sequences of these isolates remained from 90 to 95% similar to those of the isolates in the original specimen. This was considered to reflect minor technical variations rather than true clonal evolution. Conversely, the C. albicans isolate from one patient (patient 505) showed a more striking variation over the study period. This was considered indicative of microevolution, which for the purpose of this study was defined as similarity of Ͻ90%. These observations showed no evident relationship to a particular diagnosis or previous treatment. All children received systemic broad-spectrum antibiotics, including vancomycin, which was unrelated to the isolates temporally or to the species identified.
Of the three children who received oral fluconazole (at 2 to 3 weeks postadmission), one (patient 501) developed transient colonization with S. cerevisiae and another (patient 502) was colonized with C. lusitaniae. The third patient (patient 499) had persistent C. albicans colonization, but no additional organisms were identified. All Candida isolates except those from patient 501 remained sensitive to fluconazole (MICs, 0.19 to 0.25 mg/liter); 5 days after the start of therapy patient 501 excreted fluconazole-resistant C. albicans (MIC, 64 mg/liter) in the feces.
These results are summarized in Fig. 2 . As isolates from the preputium or vulva did not differ from those from the rectum (feces) and no Candida strains were isolated from any nasal samples, results for samples from these sites are not included. 
DISCUSSION
In our study, conventional surveillance cultures demonstrate that colonization with Candida spp. is extremely common, despite the administration of oral nonabsorbable antifungal agents. All children were colonized with Candida during the course of transplantation. No child had documented systemic yeast infections, and as such, the effect of the total gut decontamination was clinically acceptable. Molecular techniques can also be useful for the identification of yeasts in the clinical setting, and as expected, AFLP analysis proved to be more discriminative than conventional phenotypic identification of Candida species in all of our patients. As considerable overlaps in admission dates and treatment durations occurred among the study patients, phenotypic identification alone would have raised the concern of nosocomial spread. However, molecular identification by AFLP analysis confirmed that no cross-infection occurred among the members of the study group. Colonization with more than one species of Candida at a specific site can exist in as many as 40% of patients with hematological malignancies (21, 22) . However, the literature on this topic dates from the late 1980s, when molecular typing techniques were not available on a large scale. The results for our small study group concur with the published data that colonization with multiple species is not infrequent. Colonization in individual patients has been described as clonal in origin for C. albicans, but small genetic rearrangements can arise by microevolution (14) . However, we were not able to demonstrate a frequent occurrence of microevolution in this study. This may reflect the relatively short duration of the study, in which, although microevolution of yeasts might have taken place, microevolution was not a major feature. What was not apparent in our study was any relationship of colonization to any form of treatment administered. Host immunity is an important determinant of infection in transplant patients and thus may have played a more crucial role in species evolution and viability than any of the therapeutic interventions.
Thus, AFLP analysis offers important new epidemiological insights into the process of colonization of the GI tract with Candida in immunocompromised children. We have shown, even in these few patients, that this is a highly dynamic process. Our patients, even those children who were azole naïve, transiently demonstrated colonization with multiple Candida species, reflecting the complexity of host factors in children undergoing SCT. These children are often predisposed to colonization before their transplant episode, as seen for the children with positive cultures on admission to the Leiden University Medical Center prior to any transplant-related intervention. The underlying illness or the treatments received, inclusive of steroids and/or chemotherapy, may influence the risk of colonization but, as was demonstrated in our patients, not the development of colonization with additional and multiple yeasts, often simultaneously.
Our study confirms that the emergence of NAC species may go undetected if one relies on phenotypic identification alone. Although the germ-tube test is a simple and economic method for the rapid identification of C. albicans, false-positive reactions can occur with C. tropicalis and C. parapsilosis (2) . Alternative tests based on enzymatic methods, such as the Murex test, have been developed (3) . The sensitivities and specificities of these commercial tests for the identification of C. albicans and NAC yeasts were greater than 97% (9) . As the germ-tube test is time-consuming and laborious and due to the misidentification of C. tropicalis and C. parapsilosis, we have used the Murex assay for the routine laboratory identification of C. albicans since 1999. We use this assay for the presumptive identification of C. albicans for yeasts isolated from patients with invasive infections. In these circumstances, a definite identification is performed with the API 32C system. However, when yeasts are isolated from surveillance cultures of samples from hematology patients, the Murex assay is not followed by a test with the API 32C system, unless the physician is considering treatment intervention.
The Murex enzyme test misidentified C. lusitaniae and C. dubliniensis. Although C. albicans has been reported to be the only species that expresses both N-acetyl-␤-D-galactosaminidase and L-proline aminopeptidase, C. dubliniensis was not included in the published evaluation of the test (4, 10) . Only six isolates of C. lusitaniae were tested, and they were reported to be negative. We therefore advise that C. albicanslike strains isolated from blood or other sterile compartment be investigated further by additional phenotypic assays (e.g., assays for ␤-glucosidase) (30) or DNA-based methods.
C. parapsilosis, C. tropicalis, and C. glabrata are among the most common NACs found in SCT recipients but, perhaps unexpectedly, were not present in our study population. What is striking is the occurrence of the less common variants that colonized almost all of our patients at various times during the transplant episode.
C. dubliniensis has emerged as an opportunistic pathogen commonly associated with recurrent oral candidiasis in human immunodeficiency virus-positive patients (11, 31) and has only recently been reported to occur in association with disseminated infections in patients with hematological malignancies and those undergoing bone marrow transplantation (15) . A retrospective analysis of all Candida isolates in immunocompromised children concluded that 0.5% of all Candida fungemias are attributable to C. dubliniensis (3) .
C. lusitaniae is an infrequent cause of fungemia, causing approximately 2 to 8% of cases of fungemia in adults with cancer. Its emergence is associated with the use of oral polyenes in susceptible patients (13) , which existed in all our patients. These NACs show variable sensitivities and may be resistant to amphotericin B but at present remain susceptible to fluconazole (18, 24, 28) . However, in a recent study of 67 C. lusitaniae isolates from blood cultures, only 1 strain was found to have a high level of resistance to polyenes (MIC, Ն8 mg/ liter). All 67 strains tested were susceptible to fluconazole and voriconazole (24) . C. lusitaniae is a species that is frequently reported in the literature to be capable of developing resistance to amphotericin B during the course of treatment. Consequently, persistent colonization with C. albicans-like strains during selective gut decontamination with oral amphotericin B should alert one to the possibility of C. lusitaniae.
Candidemia caused by C. dubliniensis and C. lusitaniae has been reported previously. The children colonized with the NACs were highly vulnerable to dissemination during the transplant procedure. It is known that prolonged neutropenia following delayed engraftment or treatment with steroids for GvHD increases the risk of dissemination (26) . Our patients all VOL. 42, 2004 AFLP AND CANDIDA SPP. EPIDEMIOLOGY IN PEDIATRIC SCTengrafted successfully, with neutrophil regeneration at a median of 21 days post-SCT and with no clinical evidence of GvHD. This may have contributed to the control of infection and the lack of fungemia. S. cerevisiae is an ascomycetous yeast that is widely distributed in nature and may colonize the GI tracts of healthy humans. Although the pathogenic nature of this organism had been questioned, it is now evident that virulent strains can be isolated from clinical specimens in association with dissemination and clinical disease in immunocompromised patients, including those undergoing SCT (40) .
The relevance of this emerging pathogen in pediatric patients undergoing allogeneic SCT is unknown and until now has not been documented. The complexity of the immune manipulation required for successful engraftment is known to increase the risk of fungal infection (25) , and further study of the relevance of these pathogens in pediatric SCT patients is required.
Our study highlights the pitfalls of the sole reliance on phenotypic methodologies, such as the Murex assay, for the identification of Candida species. Molecular techniques have the benefit of being able to determine the true extent of NAC yeast colonization and infection in high-risk patient populations. This was especially useful in the light of our findings of simultaneous colonization with multiple Candida species. Although many of the NACs are intrinsically more resistant to fluconazole treatment, our study had too few patients for it to be possible to study conclusively the effects of the prophylactic or preemptive use of oral azole therapy. The two children who received oral fluconazole and who developed NAC yeast colonization did so prior to the use of fluconazole. These strains were not resistant to fluconazole and were successfully eradicated after azole treatment. Resistance did, however, develop in one patient colonized with C. albicans; and although, interestingly, the resistance was associated with the presence of a DNA variation, as determined by AFLP analysis, it is unlikely that it was the cause of resistance. Resistance to azoles is known to require a much more complex genetic shift than is represented by our findings.
The evolving importance of NAC infections in high-risk patients and the need to develop species-directed treatment modalities require the incorporation of a reliable and universally acceptable method of identification. With the limited data set available, the sources or origins of these NAC yeasts could not be determined. However, our data suggest that the use of AFLP analysis within this setting could provide valuable insights into the identities of fungal pathogens. The AFLP technique offers a very high degree of flexibility, and the AFLP procedure is very easy to perform. By AFLP analysis, a fingerprinting result can theoretically be obtained within 8 h. Another advantage of AFLP analysis is the potential to automate virtually the entire procedure. The disadvantages associated with AFLP analysis are that it depends on expensive computer software and that the patterns obtained are not easy to exchange between different laboratories because of the uniformity of the equipment that is required. Standardization of this technique will certainly be required in order to allow interlaboratory comparisons of AFLP data. At present, the expense and expertise required would probably limit the routine application of AFLP analysis in the clinical setting. AFLP analysis of medically important Candida species is, however, a robust epidemiological research tool. It proved to be capable of identifying various Candida species present concurrently in children at high risk of infection and allowed an increased understanding of the dynamics of fungal colonization.
